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IMAGE PROCESSING METHOD AND IMAGE
PROCESSING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C 119 to
Taiwan patent application, TW102100433, filed on Jan. 7,
2013, the disclosure of which is incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image processing method
and apparatus, and more particularly, to image processing
method and apparatus for reducing image crosstalk.

2. Description of the Prior Art

FIG. 1 depicts a diagram showing relations between active
pixel area (image pixel area), horizontal blanking area, and
vertical blanking area in the prior art. And FIG. 2 depicts a
timing sequence diagram of image transmission in the prior
art.

Please refer to FIG. 1, an image frame Frusually comprises
a first active pixel area AP, which consists of multiple active
pixel rows such as AP, ; and AP, , (only two rows are shown).
Besides, in order to guarantee the success of image transmis-
sion, a first horizontal blanking area HB, and a first vertical
blanking area VB, are provided switching lines and frames
during the image transmission. The first horizontal blanking
area HB, comprising multiple horizontal blanking pixel rows
such as HB|, and HB,, (only two rows are shown) is vertical
for the switches between active pixel rows. The first vertical
blanking area VB, comprising multiple vertical blanking
pixel rows such as VB, , and VB, , (only two rows are shown)
is vertical for the switches between image frames.

Please refer to FI1G. 2, the image frame Fr is conventionally
transmitted according to a first timing signal PCLK, . The first
timing signal PCLK1 comprises at least one first active pixel
time period A, at least one first horizontal blanking time
period H,, and a vertical blanking time period V. During
each of the first active pixel time periods A, one active pixel
row is transmitted. After one active pixel row is transmitted,
no data is transmitted during the adjacent first horizontal
blanking time period H,, and then the transmission of a next
active pixel row follows. Take the example shown in the FIG.
2, the active pixel row A | | is transmitted during the first active
pixel time period A, . After that, no data transmission happens
during the adjacent first horizontal blanking time period H; .
And it follows that the next active pixel row A, , is transmitted
during an adjacent first active pixel time period A, . The rest of
active pixel rows are transmitted in similar way. After all
active pixel rows are transmitted, data transmission is paused
during the first vertical blanking time period V. And then, the
transmission of next image frame follows. Therefore, the
number of pixels corresponding to each of first active pixel
time period A, is equal to the number of pixels in each of the
first active pixel rows such as AP, and AP, ,. The number of
pixels corresponding to the first horizontal blanking time
period H; is equal to the number of pixels in each of the first
horizontal blanking pixel rows such as HB,, and HB,,. The
number of pixels corresponding to the first vertical blanking
time period V| is equal to the sum of numbers of pixels in all
of the first vertical blanking pixel rows such as VB, and
VB,,.

In details, a backlight module of a display only is turned on
during first vertical blanking time periods in some applica-
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2

tions such as simulated impulse type liquid crystal displays or
3D displays. In other words, after a first image frame (i.e., the
active pixel area) is already shown on the display, the back-
light module of the display is turned on at a timing point
within the first one of the first vertical blanking time periods.
Until the end of the first one of the first vertical blanking time
periods, the backlight module of the display is turned off.
Following that, a second image frame is shown on the display.
Similarly, the backlight module of the display is turned on at
a timing point within the second one of the first vertical
blanking time periods. The backlight module of the display is
turned off while the end of the second one of the first vertical
blanking time periods. And the described cycle goes on and
on. User’s eyes perceive the image frame while the backlight
module is lighted. Since some characteristics carried by lig-
uid crystal itself, a transformation between different pixel
data (for example from pixel data A to pixel data B) needs
some time for raising or descending of signal voltage levels.
Therefore what eyes perceive is a mixture of pixel data A and
pixel data B in a certain proportion. Ideally, the proportion of
A versus B is 0% versus 100%, i.e., no prior image frame
should be perceived by user’s eyes. However, due to the
characteristics of liquid crystal, the ideal situation may not
happen as wishes. Therefore the proportion of data mixture
phenomenon is called “crosstalk.”

From the above it is clear that prior art still has shortcom-
ings. In order to solve these problems, efforts have long been
made in vain, while ordinary products and methods offering
no appropriate structures and methods. Thus, there is a need
in the industry for a novel technique that solves these prob-
lems.

SUMMARY OF THE INVENTION

Consequently, one of objectives of the present invention is
to provide an image processing method and an image pro-
cessing apparatus for avoiding image crosstalk.

An image processing method is disclosed according to one
embodiment of the present invention. The method comprises
receiving an image according to a first timing signal having at
least one first pixel time period, at least one first horizontal
blanking time period and first vertical blanking time period;
and outputting the image according to a second timing signal
having at least one second active pixel time period, at least
one second horizontal blanking time period and a second
vertical blanking time period. A pixel number corresponding
to the first active pixel time period equals to a pixel number
corresponding to the second active pixel time period. The
second horizontal blanking time period is less than the first
horizontal blanking time period. The second vertical blanking
time period is larger than the first vertical blanking time
period.

An image processing apparatus is disclosed according to
one embodiment of the present invention. The image process-
ing apparatus comprises a controller and a storage. The con-
troller are configured to control the storage for receiving an
image according to a first timing signal having at least one
first active pixel time period, at least one first horizontal
blanking time period and a first vertical blanking time period,
and to control the storage for outputting the image according
to a second timing signal having at least one second active
pixel time period, at least one second horizontal blanking
time period and a second vertical blanking time period. A
pixel number corresponding to the first active pixel time
period equals to a pixel number corresponding to the second
active pixel time period. The second horizontal blanking time
period is less than the first horizontal blanking time period.
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The second vertical blanking time period is larger than the
first vertical blanking time period.

By shortening the horizontal blanking time periods, the
rising or falling of signal voltage level between different pixel
data happens earlier accordingly. When the backlight module
is turned on, the eyes perceive more latter data (pixel data B)
and less former data (pixel data A). So the crosstalk phenom-
enon is alleviated accordingly. By this way, the crosstalk issue
can be improved in the consequence. Moreover, approaches
for determining the number of vertical blanking pixel rows
according to the remainder pixels is disclosed, the present
invention provides more design flexibility.

The above description is only an outline of the technical
schemes of the present invention. Preferred embodiments of
the present invention are provided below in conjunction with
the attached drawings to enable one with ordinary skill in the
art to better understand said and other objectives, features and
advantages of the present invention and to make the present
invention accordingly.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the following detailed description of the preferred
embodiments, with reference made to the accompanying
drawings, wherein:

FIG. 1 depicts a diagram showing relations between active
pixel area, horizontal blanking area, and vertical blanking
area in the prior art.

FIG. 2 depicts a timing sequence diagram of image trans-
mission in the prior art.

FIG. 3 illustrates a block diagram of an image processing
apparatus in accordance with an embodiment of the present
invention.

FIG. 4 illustrates a diagram showing relations between
horizontal blanking area and vertical blanking area corre-
sponding to the image processing method in accordance with
an embodiment of the present invention.

FIG. 5 depicts a diagram illustrating image transmission
embodied an image processing method in accordance with an
embodiment of the present invention.

FIG. 6 illustrates a diagram showing relations between
horizontal blanking area and vertical blanking area of an
image processing method in accordance with another
embodiment of the present invention.

FIG. 7 and FIG. 8 depict exemplary diagrams showing how
to adjust the number of vertical blanking pixel rows according
to the number of remainder pixels.

FIG. 9 shows a diagram of an image processing method
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Some embodiments of the present invention are described
in details below. However, in addition to the descriptions
given below, the present invention can be applicable to other
embodiments, and the scope of the present invention is not
limited by such, rather by the scope of the claims. Moreover,
for better understanding and clarity of the description, some
components in the drawings may not necessary be drawn to
scale, in which some may be exaggerated relative to others,
and irrelevant parts are omitted.

FIG. 3 illustrates a block diagram of an image processing
apparatus 300 in accordance with an embodiment of the
present invention. Please be aware that the apparatus shown in
the FIG. 3 is exemplary, it is not intended to limit the scope of
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the present invention. Besides, the embodiment also incorpo-
rates the image frame Fr and the first timing signal PCLK1
shown in the FIG. 1 and FIG. 2 in the description of trans-
mission steps before adjustment. However, it is not intended
to limit the present invention to the transmission steps shown
in the FIG. 1 and FIG. 2.

As shown in the FIG. 3, the image processing apparatus
300 comprises a controller 301 and a buffer 303 (i.e., a storage
apparatus). The controller 301 is configured to control the
buffer 303 receiving the image frame Fr according to the first
timing signal PCLK1 and to control the buffer 303 outputting
the image frame Fr according to a second timing signal
PCLK,. Since a second horizontal blanking time period and a
second vertical blanking time period of the second timing
signal PCLK, are not the same as the first horizontal blanking
time period and the first vertical blanking time period of the
first timing signal PCLK |, respectively, the image frame Fris
received according to the first horizontal blanking area and
the first vertical blanking area (for example, HB; and VB,
shown in the FIG. 1, respectively) and outputted according to
asecond horizontal blanking area and a second vertical blank-
ing area (for example, HB, and VB, shown in the FIG. 4,
respectively.)

FIG. 4 illustrates a diagram showing relations between
horizontal blanking area and vertical blanking area of an
image processing method in accordance with an embodiment
of'the present invention. FIG. 5 depicts a diagram illustrating
image transmission embodied an image processing method in
accordance with the embodiment of the present invention.
Please be noted that the FIG. 4 is incorporated in the descrip-
tion of image outputting actions shown in the FIG. 5. It is not
intended to limit the scope of the present invention to the
image data format shown in the FIG. 4. Please refer to FIG. 4
and FIG. 5 crossly for better understanding of the present
invention.

As shown in the FIG. 5, the second timing signal PCLK,
comprises at least one second active pixel time period A, at
least one second horizontal blanking time period H,, and a
second vertical blanking time period V,. Similarly, functions
of'the second active pixel time period A,, the second horizon-
tal blanking time period H,, and the second vertical blanking
time period V, are analogous to that of the first active pixel
time period A |, the first horizontal blanking time period H,,
and the first vertical blanking time period V, respectively.
Number of pixels corresponding to each of the second active
pixel time periods A, equals to number of pixels in each of the
second active pixel rows such as AP,, and AP,,. Number of
pixels corresponding to the second horizontal blanking time
period H, equals to number of pixels in each of the second
horizontal blanking pixel rows such as HB,, and HB,,. And
number of pixels corresponding to the second vertical blank-
ing time period VB, equals to number of pixels in all of the
second vertical blanking pixel rows such as VB,, and VB,,.

The second active pixel time period A, of the second timing
signal PCLK, is the same as the first active pixel time period
A, of the first timing signal PCLK,. However, the second
horizontal blanking time period H2 of the second timing
signal PCLK, is shorter than the first horizontal blanking time
period H, of the first timing signal PCLK, . Hence, the pixel
number of each of the second horizontal blanking pixel rows
such as HB,, and HB,, is less than that of each of the first
horizontal blanking pixel rows such as HB,, and HB,.

In one embodiment, the sum (called the first sum of pixel)
of pixel numbers of the first active pixel area AP, the first
horizontal blanking area HB,, and the first vertical blanking
area VB, equals to the sum (called the second sum of pixel) of
pixel numbers of the first active pixel area AP,, the first
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horizontal blanking area HB,, and the first vertical blanking
area VB,. Hence, the difference of pixel numbers between the
first horizontal blanking area HB, and first horizontal blank-
ing area HB, can be shifted to the second vertical blanking
area VB, for compensation. Embodiments below will
describe in details about how to determine row number of the
second vertical blanking pixel rows of the second vertical
blanking area VB,.

As shown in FIG. 4 and FIG. 5, since the second active
pixel time period A, is the same as the first active pixel time
period A, of the first timing signal PCLK1 and the second
horizontal blanking time period H, is shorter than the first
horizontal blanking time period H,, the total time for trans-
mitting active pixels according to the second timing signal
PCLK, (i.e., sum of all A, and H,) is shorter than the total
time for transmitting active pixels according to the first timing
signal PCLK,. Therefore, it improves the crosstalk phenom-
enon of the prior art.

In some embodiments, it may not be possible to equally
distribute the shifted horizontal blanking pixels to each of the
second vertical blanking pixel rows. For example, if there are
1000 pixels to be distributed to the second vertical blanking
area and the pixel count of each second vertical blanking pixel
row is 100, ten second vertical blanking pixel rows can be
added for the compensation of the 1000 horizontal blanking
pixels. However, if there are 1020 pixels to be distributed and
the pixel count of each second vertical blanking pixel row is
100, it is not possible to equally distribute the 1020 horizontal
blanking pixels to additional second vertical blanking pixel
rows. There are undistributed remainder pixels, 20 pixels, in
this case. So following approaches according to the present
invention are provided for this case.

FIG. 7 and FIG. 8 depict exemplary diagrams showing how
to adjust the number of vertical blanking pixel rows according
to the number of remainder pixels. As shown in the FIG. 7, the
pixel number of a first active pixel row is 1920, the pixel
number of a first horizontal blanking pixel row is 280, the row
number of first active pixel rows is 1080, and the row number
of first vertical blanking pixel rows is 45. Therefore, a first
sum of pixels is 2475000 which is obtained from (1920+
280)x(1080+45). If the pixel number of a second active pixel
row is still 1920, the row number of the second active pixel
rows is also still 1080, and the pixel number of each of the
second horizontal blanking pixel rows is assumed to be 50,
the total pixel number of the second active pixel area AP, and
the second horizontal blanking area HB, is 2127600 which is
obtained from (1920+50)x1080. In the consequence, the
number of pixels to be distributed to the second vertical
blanking area VB, is 347400. In this case, the pixel number of
the second vertical blanking pixel row is 1970 which is the
sum of the pixel number, 1920, of one second active pixel row
and the pixel number, 50, of one second horizontal blanking
pixel row. Therefore, the row number of the second vertical
blanking pixel rows can be calculated by dividing the pixels to
be distributed by the pixel number of the second vertical
blanking pixel row, 347400/1970, and is equal to 176 in this
case. And the remainder 680 of the division is the remainder
pixel number H_Red.

FIG. 8 depicts a diagram showing an embodiment in accor-
dance with the image processing method ofthe present inven-
tion. The parameters of the images are the same as shown in
the FIG. 7. When processing Image 1, the row number of the
second vertical blanking pixel row is 176 and the remainder is
680. The number 680 is stored in the register 305 temporarily
as the remainder pixel number H_Red. Since the number,
680, is smaller than the pixel number, 1970, of the second
vertical blanking pixel row, no additional second vertical
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blanking pixel row is increased. When processing Image 2,
the row number of the second vertical blanking pixel row is
176 and the remainder is 680, too. The remainder, 680, is
accumulated to the register 305, so that the remainder pixel
number H_Red is accumulated as 1360 which is smaller than
the pixel number, 1970, of the second vertical blanking pixel
row. Therefore, no additional second vertical blanking pixel
row is increased. When processing Image 3, the row number
of the second vertical blanking pixel row is 176 and the
remainder pixel count is 680, too. However, the remainder
pixel number H_Red is accumulated to 2040 which is larger
than the pixel number, 1970, of the second vertical blanking
pixel row. Therefore the row number of the second vertical
blanking pixel rows is increased to 177, and the remainder
pixel number H_Red, 2040, is subtracted by 1970 to become
to 70. And so on, the row number of the second vertical
blanking pixel row is 176 and the remainder pixel number
H_Red is 750 corresponding to Image 4. The row number of
the second vertical blanking pixel row is 176 and the remain-
der pixel number H_Red is 1430 corresponding to Image 5.
When processing Image 6, since the accumulated remainder
pixel number H_red is 2110 exceeding the pixel number,
1970, of the second vertical blanking pixel row, the row
number of the second vertical blanking pixel rows is
increased to 177 and the remainder pixel count H_red
becomes 140. Alternatively, the remainder pixel number
H_red can be accumulated to more than pixel number of X
rows of the second vertical blanking pixel rows, and then
increase X rows to the second vertical blanking pixel rows at
once. Wherein X is an integer more than one. Please be aware
that the register 305 shown in the FIG. 3 can be located
anywhere. It is also acceptable to integrate the register 305
into the controller 301 or the buffer 303.

Therefore, the embodiment shown in the FIG. 7 and FIG. 8
can determine the row number of the second vertical blanking
pixel rows according to the following formula:

HAd/Vi=M+Q

where Ha is a difference between a total pixel number corre-
sponding to all the first active pixel time periods (i.e. pixel
number of the first active pixel area AP,), all the first hori-
zontal blanking time periods (i.e. pixel number of the first
horizontal blanking area HB, ), and the first vertical blanking
time period (i.e. pixel number of the first vertical blanking
area VB)) in one cycle of the first timing signal and a total
pixel number corresponding to all the second active pixel time
periods (i.e. pixel number of the second active pixel area AP,)
and all the second horizontal blanking time periods (i.e. pixel
number of the second horizontal blanking area HB,) in one
cycle of the second timing signal. Where Vt is the pixel
number of each second vertical blanking row corresponding
to the second vertical blanking time period, which is 1970 in
the embodiment shown in the FIG. 7. Where M is the quotient
of'the division Hd/Vt, and Q is the remainder of the division
Hd/Vt. If M is equal to or larger than 1, M is the row number
of'the second vertical blanking pixel rows. If Q is not zero, a
remainder pixel number H_Red is accumulated by Q and
stored.

And, each time receiving the image according to the first
timing signal and outputting the image according to the sec-
ond timing signal, the value Q is accumulated to the remain-
der pixel number H_Red. If the remainder pixel number
H_Red is not larger than the value of V,, M is set to be the row
number of the second vertical blanking pixel rows, such as
Images 1, 2, 4, and 5 shown in the FIG. 8. If the remainder
pixel number H_Red exceeds the value of V,, N second ver-
tical blanking pixel rows are added and the remainder pixel
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number H_Red is subtracted by the multiplication of V, and
N, where N is an positive integer, such as Image 3 and 6 shown
in the FIG. 8. In these embodiments, the total pixel numbers
of the image frame before and after adjustment are not the
same. However, the difference can be adjusted below a pre-
determined value. It would not cause big problems to image
transmission timing.

According to embodiments mentioned above, the flow-
chart diagram shown in the FIG. 9 can be concluded. The flow
comprises the following steps:

Step 901: receiving an image according to a first timing
signal PCLK 1 having at least one first active pixel time period
A, at least one first horizontal blanking time period H, and a
first vertical blanking time period V.

Step 903: outputting the image according to a second tim-
ing signal PCLK, having at least one second active pixel time
period A, at least one second horizontal blanking time period
H, and a second vertical blanking time period V,.

The pixel number corresponding to the first active pixel
time period A, equals to the pixel number corresponding to
the second active pixel time period A,. The pixel number
corresponding to the second vertical blanking time periods
H, is less than the pixel number corresponding to the first
vertical blanking time periods H;. And the pixel number
corresponding to the second vertical blanking time period V,,
is larger than the pixel number corresponding to the first
vertical blanking time period V.

The rest of technical features are already discussed in the
embodiments above. So there is no more duplicated descrip-
tions here.

By shortening the horizontal blanking time period, the
rising or falling of signal voltage level between different data
happens earlier accordingly. When the backlight module is
turned on, the eyes perceive more latter data (data B) and less
former data (data A). So the crosstalk phenomenon is allevi-
ated accordingly. By this way, the crosstalk issue can be
improved in the consequence. Moreover, approaches for
determining the number of vertical blanking pixel rows
according to the remainder pixels is disclosed, the present
invention provides more design flexibility.

The above embodiments are only used to illustrate the
principles of the present invention, and they should not be
construed as to limit the present invention in any way. The
above embodiments can be modified by those with ordinary
skill in the art without departing from the scope of the present
invention as defined in the following appended claims.

What is claimed is:

1. An image processing method, comprising:

receiving an image according to a first timing signal having
at least one first active pixel time period, at least one first
horizontal blanking time period and a first vertical
blanking time period; and

outputting the image according to a second timing signal
having at least one second active pixel time period, at
least one second horizontal blanking time period and a
second vertical blanking time period,

wherein a pixel number corresponding to the first active
pixel time period equals to a pixel number correspond-
ing to the second active pixel time period, the second
horizontal blanking time period is less than the first
horizontal blanking time period, and the second vertical
blanking time period is larger than the first vertical
blanking time period.

2. The image processing method of claim 1, wherein a

difference between a pixel number corresponding to one

10

15

20

25

30

35

40

45

50

55

60

65

8

cycle ofthe first timing signal and a pixel number correspond-
ing to one cycle of the second timing signal is less than a
predetermined value.

3. The image processing method of claim 2, wherein the
pixel number corresponding to the one cycle of the first tim-
ing signal equals to the pixel number corresponding to the one
cycle of the second timing signal.

4. The image processing method of claim 2, wherein a row
number corresponding to the second vertical blanking time
period is determined according to the following formula:

Hy/V=M+Q

where H, is a difference between a total pixel number
corresponding to all the at least one first active pixel time
period, all the at least one first horizontal blanking time
period, and the first vertical blanking time period in one
cycle of the first timing signal and a total pixel number
corresponding to all the at least one second active pixel
time period and all the at least one second horizontal
blanking time period in one cycle of the second timing
signal, where V, is a pixel number of one of rows corre-
sponding to the second vertical blanking time period,
where M is a quotient of the division H,/V,and Q is a
remainder of the division H,/V,;

wherein if M is equal to or larger than 1, M is the row
number corresponding to the second vertical blanking
time period, and if Q is not equal to zero, a remainder
pixel number is accumulated by Q and stored.

5. The image processing method of claim 4, further com-
prising:

accumulating the remainder pixel number by Q each time

when receiving the image according to the first timing
signal and outputting the image according to the second
timing signal are performed; and

setting M to be the row number when the remainder pixel

number is not larger than the value of V, otherwise,
setting M+N to be the row number when the remainder
pixel number is larger than the value of V,, and subtract-
ing the multiplication of V, and N from the remainder
pixel number, where N is an positive integer.

6. The image processing method of claim 4, wherein the
value of V, equals to a sum of a pixel number corresponding
to one of the at least one second active pixel time period and
apixel number corresponding to one ofthe at least one second
horizontal blanking time period.

7. An image processing apparatus, comprising:

a storage; and

a controller, configured to control the storage for receiving

an image accordingto a first timing signal having at least
one first active pixel time period, at least one first hori-
zontal blanking time period and a first vertical blanking
time period, and to control the storage for outputting the
image accordingto a second timing signal having at least
one second active pixel time period, at least one second
horizontal blanking time period and a second vertical
blanking time period,

wherein a pixel number corresponding to the first active

pixel time period equals to a pixel number correspond-
ing to the second active pixel time period, the second
horizontal blanking time period is less than the first
horizontal blanking time period, and the second vertical
blanking time period is larger than the first vertical
blanking time period.

8. The image processing apparatus of claim 7, wherein a
difference between a pixel number corresponding to one



US 9,093,010 B2

9

cycle of the first timing signal and a pixel number correspond-
ing to one cycle of the second timing signal is less than a
predetermined value.

9. The image processing apparatus of claim 8, wherein the
pixel number corresponding to the one cycle of the first tim-
ing signal equals to the pixel number corresponding to the one
cycle of the second timing signal.

10. The image processing apparatus of claim 8, wherein the
controller determines a row number corresponding to the
second vertical blanking time period according to the follow-
ing formula:

Hy/V=M+Q

where H, is a difference between a total pixel number
corresponding to all the at least one first active pixel time
period, all the at least one first horizontal blanking time
period, and the first vertical blanking time period in one
cycle of the first timing signal and a total pixel number
corresponding to all the at least one second active pixel
time period and all the at least one second horizontal
blanking time period in one cycle of the second timing
signal, where V, is a pixel number of one of rows corre-
sponding to the second vertical blanking time period,
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where M is a quotient of the division H,/V,and Q is a
remainder of the division H,/V,;

wherein if M is equal to or larger than 1, M is the row
number corresponding to the second vertical blanking
time period, and if Q is not equal to zero, a remainder
pixel number is accumulated by Q and stored.

11. The image processing apparatus of claim 10, wherein
the controller is further configured to accumulate the remain-
der pixel number by Q each time when receiving the image
according to the first timing signal and outputting the image
according to the second timing signal are performed; and set
M to be the row number when the remainder pixel number is
not larger than the value of'V,, otherwise, setting M+N to be
the row number when the remainder pixel number is larger
than the value of V,, and subtracting the multiplication of V,
and N from the remainder pixel number, where N is an posi-
tive integer.

12. The image processing apparatus of claim 10, wherein
the value of V, equals to a sum of a pixel number correspond-
ing to one of the at least one second active pixel time period
and a pixel number corresponding to one of the at least one
second horizontal blanking time period.
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